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1 INTRODUCTION 

This booklet is concerned with the economic 
thickness of insulation for hot pipes. 
Considerable amounts of data and practical 
advice is given, intended for use both by 
experienced personnel and as training material. 

The cost of installing the insulation is offset 
by the large savings in fuel billswhich can be 
achieved through insulating pipes. This booklet 
explains how to determine the thickness of 
insulation which will result in the optimum 
installation. 

This booklet is concerned only with hot 
pipes, although the insulation of pipes operating 
below ambient temperature is also important. In 
particular, pipes forming part of domestic and 
non-domestic heating and hot water systems, 
and process pipework arecovered. The 
information and techniques for determining the 
most economic thickness of insulation is 
consistent with BS 5422:1990. 

This booklet is intended as a brief guide to 
the economic thickness of insulation for hot 
pipes, and therefore references are made 
throughout to the extensive documentation 
availablefrom the insulation industry and the 
British Standards Institution (BSI). 

Fuel Efficiency Booklet 19 - Process Plant 
Insulation and Fuel Efficiency - gives a broad 
picture of the use of insulation for process plant 
and should be read in conjunction with this 
booklet. 

2 THE EFFECT OF INSULATION 

Any surface which is hotter than its 
surroundings will loseheat. The rate at which 
heat is lost depends on many factors, but the 
temperature and area of the surface are often 



dominant; the greater the temperature and area, 
the greater the loss Adding an insulating layer 
to a hot surface reduces the external surface 
temperature. Although the surface area may be 
increased if insulation is added to a circular pipe, 
the relative effect of the temperature reduction is 
much greater and a reduction in heat loss is 
achieved. 

Consider for example, a 15 mm bore pipe 
running through still air (at 20°C) carrying a hot 
fluid raising its external temperature to 75°C. 

The heat loss is about 60 W per metre of pipe 
run. The addition of a 25 mm thick layer of 
standard pipe insulation would increase the 
surface area by a factor of approximately 3.5, 
but the external surface temperature would fall 
from 75°C to around 23°C. The overall effect 
would be to reduce the heat loss from 60 W to 
12 W per metre run of pipe. 

U nwanted heat loss costs money. The loss of 
heat from a 100 m run of bare 50 mm bore 
pipe carrying process steam at 100^, would 
cost around £3,000 per annum if the steam 
was supplied by a gas boiler with a gas cost of 
lp/kWh (approximately 30p/therm). Thiscost 
would be reduced to £250 per annum if a 50 
mm thick layer of appropriate insulation was 
applied. Thus, an annual saving of £2,750 
would be achieved. 



The 'avoidable' cost increases dramatically as the 
temperature of the process fluid increases. If the 
hot fluid was at 200°C, the 'bare pipe' cost 
would be around £10,000 per annum. This level 
of heat loss is equivalent to running a 1 kW 
electric fire night and day for more than 25 
years. It could be reduced to £560 per annum if 
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a 75 mm thick layer of insulation were used (the 
insulation thickness must be increased as the 
pipe temperature increases, to ensure a suitable 
external surface temperature). In thiscase, there 
is an avoidable cost of £9,440 per annum. 

The use of insulation on pipes carrying high 
temperature streams is a normal and accepted 
practice. It should not be assumed that any 
existing insulation provides the most effective 
arrangement for avoidable cost reduction. In 
many cases, thicker insulating layers would be 
well justified. All hot surfaces lose heat and, as 
shown in Fig 1, attention should be given to 
valves, flanges, etc., which are often left 
uninsulated for maintenance reasons. An 
uninsulated valve loses about the same amount 
of heat as 1 m of uninsulated pipe of the same 
diameter. Uninsulated flanges, which havea 
smaller surface area, lose about half this amount. 
Thus, a 50 mm valve carrying process steam at 
200°C would cost about £100 per annum 
without insulation, but only about £6 per 
annum with appropriate insulation. The 
operation of valves need not be affected by 
insulation and it can be applied in easily 
removable sections to ease maintenance. An 
additional benefit is a more uniform metal 
temperature with a consequent reduction in 



loss throucfi unlagged flanges 



temperature induced stresses in the pipework 
system, which can be a cause of leakage at joints 
Although some form of insulation is 
normally found on high temperature pipework, 
low temperature small bore pipes, or pipes which 
are used only intermittently, are often 
completely neglected. However, as with valves 
and flanges, there is a considerable potential for 
avoidablecost savings. For example, the 
payback periods for 25 mm thick insulation on 
15 mm pipe in a gas fired domestic heating 



Table 1 The Payback Period for Insulation o 


n Domestic Central Heating Pipework 


Number of Operating Hours 


Payback Period (Years) 


1000 


2 


2000 


1 


3000 


0.7 


4000 


0.5 


(Payback period assumes that the total cost for the installation of the insulation is £2 per metre) 
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i n stal I ati on , for wh i ch th e operati n g tern peratu re 
would be typically 60 - 70°C, are as shown in 
Table 1. The payback period is the time taken to 
recoup the initial cost of an investment from the 
savings it produces. 

3 THE ECONOMIC THICKNESS OF 

INSULATION 

The examples presented in the previous Section 
give an indication of the cost savings which can 
be achieved by the use of insulation to prevent 
the unwanted dissipation of heat from pipework. 
For a given pipe and process conditions, the rate 
of dissipation is dependent on the thickness of 
the insulating layer and its thermal performance. 

In most cases, the most important aspect of 
the insulation's thermal performance is thermal 
conductivity, a physical property which relates 
the rate at which heat is conducted through a 
material to the temperature difference across the 
conduction path. For the same thickness of 
insulation, heat losses are reduced as the thermal 
conductivity reduces. The effective thermal 
conductivity of an insulating layer may depend 
on the application procedure since this may 
influence, for example, the extent of voids or 
binder material. Operating temperature also 
affects the value of many insulating materials' 
thermal conductivity (see Section 4 Types of 
insulation'). 

Other factors influencing thermal 
performance include surface properties which 
affect lossesdueto radiation. For example, 
radiation losses can be reduced by the addition 
of a shiny metallic skin to the insulating layer. 
The benefits of such an addition depend on 
actual conditions, but a 10% reduction in overall 
heat loss would not be untypical. 



Manufacturers of insulation normally 
provide information on thermal performance 
which avoids the need for complex heat transfer 
calculations Thedata, which arenormally 
referred to as'U' values, give the heat loss per 
unit length of pipe for a range of pipe diameters, 
process stream temperatures and insulation 
thicknesses. Whilst such data are useful for 
estimation purposes it is important to note that 
the values are based on specified external 
conditions (often quiescent air at 20°C). Some 
caution must be exercised if the actual 
application conditions vary considerably from 
those used to establish the'U' values 

It would be possible to reduce dissipative 
losses from pipework systems to effectively zero 
by an appropriate choice of material and 
thickness The cost of operating a hot pipe is 
the cost of the heat loss, plus the cost of any 
insulation. In general terms, there is a cost 
penalty associated with increased thickness and 
improved thermal performance. Although 
higher expenditure results in greater cost 
savings there is a point at which increased 
expenditure to improve the level of insulation 
cannot be justified by the additional savings 
which would arise. 

The combined effect of increased 
expenditure due to increasing the thickness of 
the insulating layer, and increased cost saving, 
for a specific set of operating conditions is 
illustrated in Fig 2. The minimum cost shown is 
the lowest combined cost of insulation and heat 
loss over a given period of time (the evaluation 
period). The minimum cost occurs at a 
particular thickness of insulation, referred to as 
the 'Economic Thickness of Insulation'. In 
practice, the curves are less smooth because 
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Economic thickness of insulation 




many types of insulation areavailableonly in 
certain thicknesses Nonetheless, the principle 
still applies. 

Basic requirements to estimate economic 
thickness 

Most of the information which isneededto 
estimate the economic thickness of insulation 
follows from Fig 2. In particular, data are required 
which allows thecost of heat loss from the 
pipework system over the evaluation period, and 
thecost of installing insulation to be determined. 
Both these items need to be established for a 
range of insulation thicknesses In BS 5422:1990, 
the main reference for this booklet, evaluation 
period is defined asthetotal number of operating 
hours over which the investment isto be assessed, 



i.e. it is the product of the annual operating hours 
and the life of the investment in years Annual 
costs tend to be more meaningful than evaluation 
period costs Consequently, in any analysis of 
economic thickness the determination of annual 
costs is recommended, the evaluation period costs 
are easily established from theannual data. 

Ideally, the life of the investment would be based 
on theuseful life of the insulation, but often 
company policies regarding investment criteria 
require a much shorter period to be used. The 
data required for the complete analysis of 
economic thickness can be summarised: 

1 To determine the annual cost of heat loss per 
metre run of pipe 

Data requirements: 

■ Thecost of fuel (In the normal units of 
purchase, eg. penc^therm) 

■ The boiler efficiency (%) 

Annual operating period (hours) 

■ Heat loss per metre run of pipe 
(Watts/metre) which depends on: 

Pipe size 

Operating temperature 

Type and thickness of insulation 

Ambient conditions 

(Methods to estimate the heat loss from 

these data are given in Section 5) 

2 To determinethe cost of insulation 
Data requirements: 

■ Cost of material (£ per metre of pipe) 

■ Cost of ancillary materials (£ per metre of 
pipe) 

■ Labour costs (£ per metre of pipe) 

3 To determinethe evaluation period 
Data requirements: 

■ The investment life (years) 

■ Annual operating period (hours) 
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The analysis to determine the economic 
thickness of insulation can be carried out from 
first principles using basic data. This procedure 
can incorporate both the exact detail of any 
particular application and the standard company 
method for assessing potential investment. For 
example, Discounted Cash Flow (DCF) 
techniques are employed by some organisations. 
At the other extreme, tables of economic 
thicknesses based on typical values of costs, etc., 
have been prepared. The use of such tables may 
not provide theoptimum solution for a 
particular case, but they would normally provide 
a better answer than an arbitrary choice of 
thickness 

Before the methods of achieving a value for 
economic thickness are considered, it is useful to 
consider briefly the types of available insulation. 
Thermal performance and installation costs are 
affected by this choice. 

4 TYPES OF INSULATION 

Insulation material is classed as: 

■ Inorganic - based on crystallineor amorphous 



siliceou^aluminous( calcium materials 
■ Organic - based on hydrocarbon polymers in 
theform of thermosetting/thermoplastic 
resins or rubbers 

The insulation material can be either flexibleor 
rigid, both types of which are available in 
preformed pipe sections. Table 2 lists the 
common types along with relevant details. 

Certain types of insulation can be applied by 
spraying and thismight be appropriate for large 
pipes. Of the insulating materials listed in 
Table 2, mineral wool and polyurethane rigid 
foam can be applied in this way. Other 
insulating materials with a spray application 
option are vermiculite (maximum temperature 
1,100°C) and alumino silicate (maximum 
temperature 1,260°C). A binder may be 
required. 

The thermal conductivity of insulating 
materials varies considerably according to the 
type of material, its density and operating 
temperature. Table 3 gives a representative 
selection. 





Mineral Wool (Glass) 


230 


15 - 100 


Mineral Wool (Rock) 


850 


80 - 150 


Magnesia 


315 


180 - 220 


Calcium Silicate 


800 


190 - 260 


Polyurethane Rigid Foam 


110 


30 - 160 


Polyisocyanurate Rigid Foam 


140 


30-60 


Phenolic Rigid Foam 


120 


35 - 200 


Polythene 


80 


30-40 


Synthetic Rubber 


116 


60 - 100 
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Table 3 Thermal conductivities of insulating materials | 


Material 


Density 


Thermal Conductivity W/(m.K) 




kg/m 3 




Temperature^ 








50 


100 


300 








Calcium Silicate 


210 


0.055 


0.058 


0.083 


Expanded Nitrile Rubber 


65-90 


0.039 


- 


- 


Mineral Wool (Glass) 


16 


0.047 


0.065 


- 




48 


0.035 


0.044 


- 


Mineral Wool (Rock) 


100 


0.037 


0.043 


0.088 


Magnesia 


190 


0.055 


0.058 


0.082 


Pol yisocyan urate Foam 


50 


0.023 


0.026 


- 



Service temperature is an obvious criterion 
for the selection of an appropriate material, but 
other factors relating to the operating 
environment must also betaken into account. 
These include internal or external use, required 
surface finish, structural strength constraints and 
accessibility. Although materials exist to satisfy 
all common requirements, it is important to 
n ote th at th e econ om i c th i ckn ess varies 
according to type because of differences in 
properties and costs. 

Further details about insulation materials 
can be found in theTIMSA Handbook (available 
from The Thermal Insulation Manufacturers and 
Suppliers Association, PO Box 111, Aldershot, 
Hampshire, GU11 1YW) and BS5970: 1992. 
Insulation for pipework is also discussed in Fuel 
Efficiency Booklet 19 - Process plant insulation and 
fuel efficiency - which gives general information 
on insulating a range of process plant and more 
detailsof surface finishes and general good 
practice. 



5 THE ESTIMATION OF ECONOMIC 
THICKNESS 

There are three different methods of estimating 
economic thickness. Thefirst uses specially 
prepared tables based on assumptions about 
every item of data required to estimate economic 
thickness. The assumptions are reasonable for a 
wide range of applications and the tables are 
easy to use. However, there is a margin of error 
with thismethod, because specific details can not 
beincluded. The second and more accurate 
method istheformulation of customised tables 
which do take account of specific details and 
which therefore provide a greater degree of 
confidence. These two methods will be described 
in detail in this Section 

The third method of estimating economic 
thickness is an algebraic solution. This requires 
mathematical manipulation skills, but it has the 
least number of assumptions and isthe most 
flexible of the three methods Itshould only be 
attempted if a very precise value of thickness is 
needed, and often this is not a requirement 
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because many types of insulation are available 
only in certain specific sizes. For this reason, the 
algebraic method will not be described in this 
booklet. For a more detailed explanation of the 
technique, reference can be made to Energy 
Efficiency for Technologists & Engineers; Eastop & 
Croft, published by Longman Scientific & 
Technical; ISBN 0-582-03184-2. 

Use of specially prepared tables 

Tables of the economic thickness of insulation 
for various types of application are included in 
BS 5422:1990. Values of the economic 
thicknesses have been tabulated for appropriate 
ranges of pipe sizes, pipe surface temperatures, 
(normally the process stream temperature), and 
insulation thermal conductivities. These tables 
have been reproduced in this booklet in 
Appendix 2 as follows: 

■ Non-Domestic heating and hot water 
services 

Heating - solid fuel boiler Table 8 

- gas-fired boiler Table 9 

- oi l-fi red boi ler Tabl e 10 

Hot water services Table 11 

■ Domestic heating and hot water services 

Heating - heated areas Table 12 

- unheated areas Table 13 
Hot water services - heated areas Table 14 

- unheated areas Table 15 

■ Process pipework Table 16 

These tables provide the easiest method of 
determining the required value of economic 
th ickness, but the conditions of the application 
under consideration should reasonably satisfy 
the assumptions used to derive the tabulated 
values. Use the tables in theabsenceof any 



application data, but if data are available, they 
should be checked for consistency with the 
assumptions. Unless otherwise stated inTables8 
to 16, ambient conditions are still air at 20°C. 

Table4 shows thefuel costs and evaluation 
period used to derive the tabulated values for the 
three application categories, non-domestic 
central heating and hot water services, domestic 
central heating and hot water services and 
process pipework. Fuel costs are expressed in 
pence per useful MJ. This isthecost of thefuel 
in pence per MJ divided by the efficiency of the 
boiler. 

Table 17 gives the useful cost of heat for 
common fuels over a range of fuel prices, 
expressed in the normal purchase units, based 
on typical boiler efficiencies. For a particular 
purchase price, the useful cost of heat can be 
obtained directly from Table 17. Insulation costs 
are expressed in a particular way which is 
described below. In general terms, theeconomic 
thicknesses have been derived for estimates of 
fuel, insulation and installation costs which will 
apply in 1995. 

By customised tabulation 

If the data relating to a particular application are 
significantly different from those forming the 
assumptions used to derive the tabulated values 
of economic thickness (Tables 8-16) a calculation 
specific to the application must be performed. 
The most straightforward method of calculation 
is to create a table which shows the total cost, 
i.e. the cost of the heat loss plus the insulation 
costs over the evaluation period, for a range of 
insulation thicknesses The thickness which 
results in the minimum total cost can then be 
selected. 
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Table4 Fuel costs and a/aluation period used to derive the economic thickness Tables 8 - 16 



n-domestic central heating and hotw 



Fuel: Solid Fuel 



Fuel Cost 

pence per useful MJ 



0.38 

0.57 

0.67 



Domestic central heating and hot w 



Fuel: Gas 

Application: 



Each evaluation period is based on a typical intermittent operation for the number of 
hours shown over a five year period (eg. continuous non-domestic operation for five years = 
40,000 hours) 

Deduced from data in BS 5422:1990 



Fig 3 Example of table needed for customised tabulation 



(mm) (W/m) (£/W) 



(£/linearm) (£/linearm) (£/linearm) 



H 
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A table of thetype shown in Fig 3 is 
required. Information described in Section 3, 
‘Theeconomic thickness of insulation', must be 
availableto complete the table. The meaning of 
the headings and the method of calculating the 
relevant values are asfollows Each heading has 
been assigned a step number, used to clarify the 
worked example given on Page 9. 

Thickness of insulation (Step 1) 

The table is completed for a range of 
possible insulation thicknesses If necessary, the 
first entry can be bare pipe, i.e. insulation 
thickness equals 0 mm, and successive entries 
made for each of the available thicknesses of the 
selected insulation. Alternatively, the tabulated 
values of economic thickness can be used as a 
guide to the approximate value and a range of 
thicknesses around this value used in the table. 
Heat loss (Step 2) 

This is the rate of heat loss, in watts, per 
metre of pipe. It depends on the process stream 
temperature, the pipe diameter, the insulation 
thickness and ambient conditions. The heat loss 
can be determined conveniently from pre- 
prepared graphs (Graphs 1 - 25) which give the 
heat loss for a range of insulation types and 
thicknesses, pipe diameters and temperatures. 

For presentational convenience, these graphs are 
reproduced in Appendix 3. Table 5 summarises 
conveniently the content of each of the graphs. 
UseTable5 to select the appropriate graph for 
the particular insulation type and pipe 
temperature relevant to the application under 
consideration. The use of these graphs is 
illustrated in Graph 3 which is based on a pipe 
temperature of 100°C insulated with performed 
rigid fibrous sections. Thedotted linesshow, for 



example, that a 50 mm bore pipe with 50 mm of 
insulation would lose heat at 20 W/m; the same 
pipe without insulation would lose heat at 240 
W/m. In a similar way, the value of heat loss 
can be determined for any combination of pipe 
bore and insulation thickness. If conditions are 
windy, refer to Section 6. 

Cost factor (Step 3) 

The cost factor is the cost in pounds of one 
watt of heat loss per metre of pipe over the 
evaluation period. It depends on the evaluation 
period and the cost of useful heat. The stages in 
determiningthecost factor are 

i) Determine the number of MJ of heat which 
are lost per metre of pipe over the evaluation 
period if the rate of loss is one watt/metre. 

A watt is a joule per second. Therefore, if 
the evaluation period is expressed in hours, 
the number of joules which are lost with a 
one watt heat loss is: 

evaluation period x 3,600 

A megajoule (MJ) is 1,000,000 joules 
(106 joules), therefore the number of MJ lost 
with a one watt heat loss is: 

evaluation period x 3,600 / 10 6 

ii) Determine the cost factor which isthe 
product of the cost of useful heat in pence 
per MJ and the number of MJ lost, i.e., 

cost x evaluation period x 3,600 / 10 6 
The result should be divided by 100 so that 
the cost factor is expressed in £/W 
The two stages can be combined intoasingle 
formula: 

Cost factor = pence x evaluation period x 36 

TlJ - 10* 
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Cost of heat lost over evaluation period 
(Step 4) 

This is simply the total value of the heat lost 
per metre of pipe, for the particular thickness of 
insulation, over the evaluation period. Theheat 
loss column gives the loss in watts per metre and 
the cost factor gives the cost in £/W for the 
evaluation period. Therefore, the cost of heat 
loss is given by: 

Heat loss x Cost factor 



Installed cost of insulation (Step 5) 

This is the total cost of the insulation per 
metre of pipe inclusive of the cost of the 
insulating materials, the installation cost, surface 
finish, fixing materials etc. This cost must be 
determined for every thickness of insulation 
considered. 

Total cost (Step 6) 

This is the sum of the cost of heat loss over 
theevaluation period and the installed cost of 
insulation. 
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Example: 

Thefollowingexampleshowstheuseofthe 
customised tabulation method for estimating 
economic thickness. 

A non-domestic heating system uses steam at 
slightly over 100^ supplied though 50 mm bore 
pipes. The steam is supplied by a gas boiler which 
is 70% efficient and the cost of gas is 28 pence per 
therm. Preformed fibrous insulation material 
(thermal conductivity - 0.055 W/(m.K) ) is to be 
used. The total cost of installed insulation for the 
various thicknesses available from the 
manufacturer isas follows: 

19 mm thickness £1.40/m 

25 mm £2.00/m 

32 mm £2.30/m 

38 mm £2.90/m 

50 mm £8.40/m 

The evaluation period is 22,000 hours (5 year 
investment life with 4,400 hours of operation per 
annum) and the pipework can be assumed to run 
through still airat20sc. 

Step 1 Thickness of insulation 

For this application, Table 9 indicates that the 
economic thickness is 37 mm (tabulated results for 
a pipe with an outside diameter of 60.3 mm are 
the closest to the proposed application). 
Consequently estimates around this thickness are 
likely to be required and the first estimate of 
economic thickness should be 25 mm. The values 
for each of the columns of the estimating table 
can now be evaluated. 

Step 2 Heat Loss 

Graph 3 is the appropriate heat loss graph for this 
application. This shows that a 50 mm bore pipe 
with 25 mm of preformed fibrous insulation 
would lose heat at the rate of 30 W/m. 



Step 3 Cost Factor 

Table 17 indicates that the useful cost of heat for a 
gas boiler with 70% efficiency and a fuel cost of 
22.16 p/therm is 0.30 p/MJ and for a fuel cost of 
29.54 p/therm the useful cost is 0.40 p/MJ. In this 
particular application the gas cost is 28 p/therm and 
the useful cost of heat must be estimated. Simple 
proportionality can be used; for this application, the 
useful cost is given by: 

i_030 \ 

Useful Cost =l22.16' = 0.38 p/MJ 
The evaluation period is 22,000 hours and, 
therefore, the cost factor is given by: 

Cost Factor =0.38 x 22,000 x (36) =0.30 £/W 

W 

Note that the cost factor is the same for all 
insulation thicknesses. 

Step 4 Cost of heat lost over evaluation 

The product of the cost factor and the heat lost. 
Therefore: 

Cost of heat = 30 x 0.30 =£9.00/m 

Step 5 Installed cost of insulation 

Given as £2. 00/m 

Step 6 Total cost 

The sum of the cost of heat and the installed cost of 
insulation (Step 4 +Step 5), i.e.: 

Total Cost =9.00 +2.00=£11.00/m 
Smilar calculations are used for all the other 
thickness values and the results have been tabulated 
in Table 6. This shows that the minimum cost 
occurs with an insulation thickness of 38 mm and 
this should be the thickness selected. Note that in 
this example the tabulation method gives 
approximately the same value of economic 
thickness as given in the pre-prepared tables. THUS 
WILL NOT BE TRUE FOR EVERY APPLICATION. It 
must also be remembered that the values for Total 
Cost are heavily dependent on the investment 
criteria of the organisation. 
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6 ADAPTING TO AMBIENT CONDITIONS 

All the procedures indicated above have been 
based on ambient conditions of still airat20°C. 
Air motion, which in most practical applications 
will be due to wind, and a different ambient 
temperature, can have a significant effect on the 
rate of heat loss and, consequently, the 
economicthicknessof insulation. 

Wind speed can have a large effect on the 
heat loss from bare pipes as shown in Table 7. 
Thisgives multiplying factors for bare pipe heat 
losses compared with those in still air conditions 
shown in Graphs 1 - 25. 

The factors for high, medium and low 
emissivity surfaces refer to the nature of the 
outer surface of the pipe. As a guide, a painted 



surface would normally have a high emissivity, 
oxidised steel a medium emissivity and polished 
aluminium a low emissivity. 

If there is no data on typical wind speeds, 
thefollowing values are recommended: 

Sheltered situations 1 m/s 

Normal situations 3 m/s 

Exposed situations 10 m/s 

Fortunately, for insulated pipes the effect of 
exposure to wind speed alone will not normally 
increase the heat loss from awell insulated pipe 
by more than 10% even in exposed conditions. 
Th i s i s because th e th ermal resi stan ce of the 
insulation is the dominant factor in determining 
the rate of heat loss. 











